Patients with end-stage liver disease frequently need invasive cardiac procedures in preparation for liver transplantation. As a consequence of impaired hepatic function these patients often have a prolonged prothrombin time (PT) and elevated International Normalized Ratio (INR). To determine whether an abnormal PT/INR is predictive of bleeding complications from invasive cardiac procedures, we reviewed retrospectively, for bleeding complications, the databases and case records of our series of patients with advanced cirrhosis who underwent cardiac catheterization. One hundred and fifty-seven patients underwent isolated right heart catheterization (RHC), and 83 underwent left (LHC) or combined left and right sided heart catheterization. INRs ranged from 0.93-2.35. There were no major procedure-related complications. Several patients in each group required blood transfusion for gastrointestinal bleeding, but not for procedure-related bleeding. There was no significant change in hemoglobin after RHC or LHC, and no correlation between pre-procedure INR and change in post-procedure hemoglobin. When comparing patients with normal (≤1.5) and elevated (>1.5) INRs, no significant difference in hemoglobin postprocedure was found in either group. In conclusion, despite an elevated INR, patients with endstage liver disease can safely undergo invasive cardiac procedures. INR elevation does not predict catheterization-related bleeding complications in this patient population.
Introduction
At present there are few published data regarding the bleeding risk from cardiac procedures in patients with end-stage liver disease (ESLD). Three single center studies have been published comparing patients with ESLD to matched cohorts, and have found a similar to slightly higher procedure-related complication rate in those with liver disease [1] [2] [3] . Of particular interest were the findings that pre-procedure International Normalized Ratio (INR) was associated with bleeding risk3, and in a second study, that treatment of INRs >1.6 with fresh frozen plasma (FFP) might have reduced bleeding risk 2 . Therefore we sought to determine whether an elevated INR is predictive of complications from cardiac catheterization in ESLD patients.
Methods
After approval by the Medical University of South Carolina Institutional Review Board, we searched our liver transplant and heart catheterization databases for patients undergoing invasive cardiac procedures between 5/2003 and 8/2009 . Patients were divided into those undergoing isolated right heart catheterization (RHC), and a left heart catheterization group (LHC) comprised of those undergoing left heart catheterization with or without an associated RHC.
We collected demographic, laboratory and procedural data for each patient. Model for EndStage Liver Disease (MELD) scores and body-mass index (BMI) were calculated for each patient 4 .
Venous access in the isolated RHC group was predominately in an internal jugular vein (90/157, 57%) with the remainder being femoral. A 7 French sheath was most commonly used (139/157, 89%). The majority of patients with combined RHC and LHC had femoral venous access (58/66, 89%) with a 7 French sheath (65/66, 98%). Arterial access was uniformly in a femoral artery, with 4 French (40/83, 48%) and 6 French (34/83, 41%) sheaths most commonly used. Neither ultrasound guidance nor micropuncture technique was routinely used during the time period of this study.
Daily notes and radiology reports were searched for any evidence of vascular complication or significant bleeding at the catheterization sites or elsewhere. We specifically looked for the development of arteriovenous fistulas, aneurysms or pseudoaneurysms, evidence of retroperitoneal bleeding, hematomas, or intracranial bleeding. Outpatients with an uncomplicated course were discharged post procedure, and as a result follow up laboratory data was only available in 62% with isolated RHC, and 70% of patients in the LHC group.
Administration of platelets and fresh frozen plasma within 24 hours of the procedure was also recorded, as well as red blood cell infusion at any time afterwards. The decision to transfuse FFP or platelets was at the discretion of the cardiologist performing the procedure.
Statistical analysis was performed with Spearman's rank correlation coefficient to look for a relationship between INR and post-procedural changes in hemoglobin. Post-procedural differences in hemoglobin were also compared between subgroups with normal (≤1.5) and elevated (>1.5) INRs, using Student's t-test. A p-value <0.05 was considered statistically significant.
Results
One hundred and fifty-seven patients were identified as having anisolated RHC, and 83 were identified in the LHC group, a large majority (66/83) of whom underwent associated RHC. The mean INR in patients' undergoing isolated RHC was 1.5±0.3 (0.93-2.35), and in the LHC group the mean INR was 1.38±0.3 (0.94-2.15). Demographic, laboratory and procedural data are included in Table 1 .
No major vascular complications or procedure-related bleeding events were identified in any patient. Of those with complete laboratory data, there was no significant difference between pre and post-procedure hemoglobin in either the isolated RHC (10.5g/dLvs 10.5g/dL, p=0.83) or LHC groups (11.1g/dLvs 11g/dL, p=0.83). In patients with isolated RHC, there was no significant change in hemoglobin in either the normal or elevated INR groups (9.7g/ dLvs 9.7g/dL, p=0.98, and 11.1g/dLvs 10.9g/dL, p=0.1, respectively). Similarly, in the LHC group, no significant change in hemoglobin was found in either the normal or elevated INR groups (9.5g/dLvs 9.6g/dL, p=0.87, and 9.7g/dLvs 9.7g/dL, p=0.99, respectively) ( Figure 1 ). To look for a relationship between post-procedure changes in hemoglobin and INR, corresponding values were plotted, but no correlation was seen in either the RHC (ρ = 0.1176; p=0.248) or LHC (ρ = -0.0463; p=0.820) groups (Figure 2 ).
Of the 157 isolated RHC patients, 11 received FFP before the procedure. The mean INR in these patients was 2.4 (range 1.9-3.3). Despite transfusion of at least 2 units of FFP, only 1 patient had their INR decrease to <1.9. Two patients with platelets <50,000/mm 3 received platelet transfusions. Finally, 3 patients received packed red cells. In 2 of these cases, gastrointestinal bleeding caused anemia; in the other, a fall in hemoglobin was attributed to hemodilution as there was no overt or concealed bleeding.
Among the 83 patients in the LHC group, 6 received pre-procedure FFP. The mean INR in these patients was 2.3 (range 1.9-3.3). After transfusion INR fell below 1.5 in only 1 case. Four patients with platelet counts <40,000/mm 3 received platelet transfusions. Three patients received packed red blood cell infusion. In each case anemia was attributed to gastrointestinal bleeding.
Discussion
In the current study, we sought an association between INR and bleeding associated with cardiac catheterization in patients with ELSD, and found none. Our data suggest that a moderately elevated INR poses no risk for invasive procedures in ESLD despite concern frequently expressed by those who perform such procedures. Even when our patients were dichotomized into normal and elevated INR groups, no significant difference in procedural complications was identified. This is especially important as one of the highest reported reasons for blood product administration is the correction of an elevated INR in preparation for an invasive procedure 5 .
Historically, an elevated PT and its derived INR have been used to predict bleeding from invasive procedures. While these laboratory variables are associated with increased risk of hemorrhage in patients treated with warfarin-type anticoagulants, their utility and ability to predict bleeding in patients with cirrhosis is unclear 6, 7 . Patients with ESLD, by virtue of impaired hepatic synthetic function, have a characteristic coagulation profile that is now referred to as "rebalanced hemostasis" 8 . Hepatic production of both pro-coagulant (Factors II, VII, IX, X) and anticoagulant (Protein C, Protein S, Anti-thrombin) factors is reduced 7 . This resets hemostatic balance despite an increase in PT/INR. Continued understanding of the complex interplay between those factors that promote and those that impair hemostasis has cast doubt on whether the PT/INR is predictive of bleeding risk in patients with ESLD, or merely serves as a marker of hepatic synthetic impairment 7 .
Our findings are in accordance with results of several published studies 9 . Segal and Dzik, in a large systematic review of studies involving patients with an elevated PT or INR, did not find a significant increase in bleeding, although not all of the studies they reviewed included patients with ESLD 10 . One study included in their review is worth highlighting. In this prospective investigation of patients with liver disease undergoing central venous access placement, only one major bleeding complication was observed, and this was in a patient with an INR of 1.5. In fact when comparing patients with INRs above and below 5, the only statistically different finding was for superficial hematomas, which were found in 12.4% of those with an INR >5, and in only 5.6% of those with an INR <5 11 .
Not only do these published results suggest that INR may not accurately predict those at high risk of bleeding, but there is also little evidence to suggest that correction of INR by administration of FFP has any beneficial clinical effect 12, 13 . Consequently, the potential risk and significant cost associated with blood product transfusion may be avoided in this patient population. Bleeding complications with invasive procedures may still occur in patients with ESLD -as they can in patients without liver disease -but when they do, INR elevation is not likely to be the cause.
There are several limitations inherent in our retrospective study in which only major bleeding and vascular events are likely to have been recorded, whereas small hematomas or increased bruising might have been missed or not considered clinically significant enough to have been reported. There is undoubtedly the possibility of selection bias where in those considered most at risk for procedural complications did not undergo catheterization. It may also be that the operating physicians, aware of elevated INRs, took extra care to avoid bleeding complications.
Despite a patient population with elevated INRs, high MELD scores, renal dysfunction, and thrombocytopenia, we did not identify any serious catheter-related complications, nor could we find any association between INR and bleeding risk. Our conclusion, inferred from our current findings and results of studies in the literature, is that correction of INR with FFP, which puts patients at risk of volume overload and Transfusion-Related Acute Lung Injury 14 , is unnecessary to reduce a theoretical risk of catheterization-related bleeding due to INR elevation. These results should be confirmed prospectively and include ESLD patients with higher INRs than seen in our population. Scatter plots of change in hemoglobin pre-to post-catheterization versus pre-procedure INR.
No correlation between change in hemoglobin and INR was identifiable in either the isolated right heart catheterization (A) or left heart catheterization group (B). 
